Myxobolus tsangwuensis Chen, 1954 is a common parasite infecting the gills of common carp Cyprinus carpio (L.). It was described simply in the original description and its molecular data was absent, which makes the accurate diagnosis challenging. Here we supplemented its description based on the morphological, histological and molecular data. It was characterized by the presence of small round or ellipsoidal plasmodia in the gills of host and histology showed the plasmodia developed in the capillary network of the gill lamella. Mature spores of M. tsangwuensis were ellipsodal in frontal view and lemon shaped in lateral view, averaging 11.2 ± 0.7 (10.2-12.5) μm × 9.3 ± 0.3 (8.5-10.0) μm × 6.2 ± 0.4 (5.5-7.0) μm. Spores valves were symmetrical and smooth. Occasionally, a small intercapsular appendix was observed. Two polar capsules were pyriform with different sizes, measuring 5.0 ± 0.2 (4.4-5.3) μm × 3.1 ± 0.1 (2.9-3.5) μm and 3.9 ± 0.2 (3.4-4.3) μm × 2.5 ± 0.2 (2.0-2.8) μm, respectively. Polar filaments coiled five to seven turns in large polar capsule and three to four turns in the small polar capsule. Some spores were surrounded by the mucous envelope that was not recorded in the original description. Molecular analysis revealed that the present SSU rDNA sequences did not match any available sequences in GenBank and phylogenetic analysis showed M. tsangwuensis was sister to M. basilamellaris and M. musseliusae.
Introduction
The common carp Cyprinus carpio (L.) is amongst the economically most important freshwater fishes in the world (Kohlmann and Kersten 2013) . It has been cultured for more than 4000 years in China and several hundred years in Europe (Wohlfarth 1984) , and its aquaculture production had increased to 3.3 million tonnes in 2009 (FAO 2011) . As such, an in depth knowledge of its pathogens is of significant importance to fisheries biologists (Dyková et al. 2003) . Myxosporeans are a group of significant pathogens infecting various organs of common carp and have resulted in mass mortality or loss of economic value over the world. Specific examples include Myxobolus koi Kudo, 1919 forming numerous plasmodia in the gills (Camus and Griffin 2010) , Thelohanellus kitauei Egusa et Nakajima, 1981 infecting the intestinal tissue and producing giant plasmodia (Liu et al. 2011a) , Myxobolus shantungensis Hu, 1965 causing serious pathological effects on host gill arches (Liu et al. 2011b) .
With the increased interest taken in the diseases of common carp caused by myxosporeans, huge numbers of myxosporean species had been identified. In China 74 myxosporeans including 52 Myxobolus species have been described from common carp . Most of them were identified using spore morphology alone. Given neglecting the incredible diversity coupled with the simplicity of the diagnostic stage of these species, some species with similar spore morphology from largely related fishes have been identified as the same species and might lead to the existence of anonyms . In order to avoid the above conundrum, recent *Corresponding author: guzemao@mail.hzau.edu.cn
Mingjun Huang et al. 654 studies have suggested that host and organ specificity and also tissue tropism should be taken into consideration in species identification (Molnár 2002 (Molnár , 2011 Lom and Dyková 2006) . In addition, molecular biological methods are also necessary and important in myxosporean species identification, especially for the species developing within identical organs and tissues of the same or closely related fishes (Eszterbauer and Székely 2004 , Molnár et al. 2010 , Liu et al. 2012 . Unfortunately, only 128 named species, of the 905 known Myxobolus spp. (Eiras et al. 2014) , have DNA (in most cases SSU rDNA) sequences deposited in the Genbank to data. According to Eiras et al. (2005 Eiras et al. ( , 2014 , there are 31 Myxobolus spp. that originally described from the common carp, of which only M. koi, M. longisporus, M. cyprini, M. dispar, M. rotundatus and M. nielii have their molecular sequences.
Myxobolus tsangwuensis Chen, 1954 was first reported from common carp in Zhejiang Province, China during a parasite fauna survey in 1954 . Then, a similar Myxobolus species isolated from bighead carp was also identified as M. tsangwuensis by the spore morphology alone . The objectives of this study are to examine the validity of M. tsangwuensis from common carp and supplement its molecular and histological characteristics to facilitate its future comparative identification.
Materials and Methods

Samples collection
A total of 114 specimens of common carp ranging from 16 to 35 cm were purchased from the fish market of Huazhong Agricultural University, Wuhan, Hubei Province, China during March 2012 to March 2013. Fish were transported to the Laboratory of Fish Diseases of the Huazhong Agricultural University and held in aquaria, where they were euthanized with 0.2 mg/ml tricaine methanesulfonate (MS-222, Sigma) prior to dissection. The work involving animals was conducted at the Laboratory of Fish Diseases at the Huazhong Agricultural University. It is the personal goal of the researchers at this university to handle animals with care and use humane methods of euthanasia. The method used in this study is listed as an approved method by the American Fisheries Society (2004).
Morphological examinations
Cysts were collected from the gills of common carp. Fresh spores from one cyst identified and measured according to Lom and Arthur (1989) . The maturity of spores was checked by placing them into a 0.4% urea solution. Spores of a given plasmodium were regarded as mature when at least 90% of them extruded polar filaments in this solution. Measurements of spores were performed using an Olympus BH2 microscope equipped with an ocular micrometer and image analysis software (Motic Images 32). Mean and standard deviations of each spore dimension were obtained from fresh mature spores (n = 60). Line drawings of spores were made based on the fresh wet mounts with the help of a Canon IXUS210 camera. For histological examination, tissue samples from infected gills were fixed in Bouin's solution, embedded in paraffin wax, sectioned at 5-6 μm, and stained with hematoxylin and eosin.
DNA isolation, cloning and sequencing
Genomic DNA was extracted as follow: spores fixed in 100% ethanol were suspended in 500 μl lysis buffer (100 mM NaCl, 10 mM Tris, 10 mM EDTA, 0.2% SDS and 0.4 mg/ml proteinase K) and incubated at 55°C overnight. Genomic DNA was extracted using a phenol-chloroform protocol as Eszterbauer et al. (2001) described. The SSU rDNA sequence was amplified with primers 18e (5'-CTGGTTGATTCTGCCAGT-3') (Hillis and Dixon 1991) and 18r (5'-CTACGGAAAC-CTTGTTAC -3') (Whipps et al. 2003) . PCR was carried out in a 50 μl reaction volume containing 2.5 μl of extracted genomic DNA, 5 μl of 1 × EasyTaq PCR Reaction Buffer (MBI Fermentas, Vilnius, Lithuania), 0.75 μl of dNTPs (MBI Fermentas), 1.0 μl of each primer, and 0.5 μl of 2.5 U EasyTaq DNA polymerase (MBI Fermentas) in MilliQ purified water. The reactions were run on a PTC-100 DNA Thermocycler (MJ Research Inc., Watertown, MA, USA). Cycling parameters were as follows: 5 min initial denaturation at 95°C; then 35 cycles of 50 s at 95°C, 50 s at 56°C, and 60 s at 72°C; followed by a final cycle of an extended elongation step at 72°C for 10 min. The PCR products were purified for sequencing using the High-Pure PCR Product Purification Kit (Omega, USA). Purified products were sequenced in both directions using the ABI PRISM® 3730 DNA sequencer (Applied Biosystems, USA). Forward and reverse sequence segments were aligned in BioEdit software (Hall 1999) . A consensus DNA sequence was assembled and deposited in GenBank. A standard nucleotide-nucleotide BLAST (blastn) search was conducted to query posted sequences.
Phylogenetic analysis
Sequences were assembled in BioEdit (Hall 1999) , and verified as myxozoan by GenBank BLAST search. To estimate the phylogeny of the species, 45 sequences were aligned in with Clustal X version 1.8 (Thompson et al. 1997) . The alignment consisted of the top BLAST search matches. Kudoa thyrsites was designated as outgroup taxa. Phylogenetic analyses were carried out on this 1,509 character alignment as follows: Optimal evolutionary models for maximum likelihood (ML) and Bayesian analysis were determined using jModelTest (Posada 2008) which identified the optimal evolutionary model using the 6.0295, [GT] = 1.0000; proportion of invariable sites = 0.3102; gamma distribution = 0.3749 estimated with four rate categories. ML analysis was performed using PhyML (Guindon and Gascuel 2003) . Bootstrap confidence values were calculated with 100 replicates. Bayesian analyses were conducted in Mr. Bayes (Ronquist and Huelsenbeck 2003 ) using the evolutionary model as above, with 10 6 generations, tree sampling every 1,000 generations, with a burn-in of 250 trees. Trees were initially examined in TreeView X (Page 1996) and edited and annotated in Adobe Illustrator (Adobe Systems, San Jose, CA, USA).
Results
Supplemental description of Myxobolus tsangwuensis
Chen, 1954
Plasmodia bearing spores morphologically consistent with those of the myxozoan genus Myxobolus were found in the gills of 25 of 114 common carp. These plasmodia are whitish, round or ellipsoidal, measuring 100 μm to 350 μm in diameter.
Description of spores
Mature spores (Figs. 1, 2) were ellipsoidal in frontal view and lemon-shaped in lateral view, measuring 11.2 ± 0.7 (10.2-12.5) μm in length, 9.3 ± 0.3 (8.5-10.0) μm in width, and 6.2 ± 0.4 (5.5-7.0) μm in thickness. Spores valves were symmetrical and smooth. Only on a few occassions was a small intercapsular appendix seen. Two polar capsules were pyriform with different sizes. The larger polar capsule measured 5.0 ± 0.2 (4.4-5.3) μm in length, 3.1 ± 0.1 (2.9-3.5) μm in width. The smaller polar capsule measured 3.9 ± 0.2 (3.4-4.3) μm in length, 2.5 ± 0.2 (2.0-2.8) μm in width. Polar filaments formed five to seven coils in larger polar capsule and three to four turns in smaller polar capsule. Occasionally, some spores surrounded by the mucous envelope were observed (Figs. 1b, c) .
Taxonomic summary
Type host: common carp Cyprinus carpio (L).
Type locality: Carp aquaculture facility, Wuhan, Hubei Province, China 
Histology
In histological sections, plasmodia were found in the capillary network of gill lamellae (Fig. 3) . No significant host inflammation reaction was observed.
Sequence analysis
A total of 1,890 bases of the SSU rDNA sequence were generated and the assembled sequence was deposited in GenBank (acc. No. KJ561441). A BLAST search indicated that this sequence was distinguishable from all other Myxobolus species sequenced to date and most similar to M. musseliusae (FJ710801, 97% over 1834 nt) and M. basilamellaris (AF507971, 96% over 1525 nt). Since the topology of ML tree is identical to that of Bayesian inference (BI) tree, only Bayesian inference tree is presented here (Fig. 4) , along with the bootstrap values for ML tree. Regardless of algorithm, M. tsangwuensis was sister to M. basilamellaris and M. musseliusae which all infected the gills of common carp. 
Discussion
At least 905 Myxobolus species have been described from both cultured and wild fish throughout the world (Eiras et al. 2014) , of which approximately 300 have been reported in China . Most of the Chinese myxosporean species were identified by the spore morphology alone and considered to infect several hosts, even largely related fishes . In this case, the Myxobolus species with similar spore morphology from common carp and bighead carp were all identified as M. tsangwuensis. In order to examine the validity of M. tsangwuensis from the gills of common carp, its morphological, histological and molecular data are studied.
Comparison of spore morphology with published description of Myxobolus species suggests the case isolate from common carp is M. tsangwuensis, because most of key morphological characteristics of the case isolate are coincide with the original description of M. tsangwuensis (Table I) , even though this isolate possesses 5-7 turns of the larger polar filament in contrast to 4-5 described in the original description , which may have resulted from artifacts induced by the optics available at the time. Still, such disparity in number of the polar filament coils has also been observed in M. koi (Camus and Griffin 2010 (Table 1) . However, the present species can be separated from M. microsporus because of the markedly thicker and wider spores and the bigger size of the smaller polar capsules. In addition, the unsymmetrical spores with a small protrusion at the anterior end of the latter species significantly differ from the symmetrical and smooth spores of M. tsangwuensis. M. tsangwuensis is discriminated from M. dispar by having the considerably shorter length of spores and polar capsules. According to Liu et al. (2013) , M. musseliusae has 4 to 5 distinct sutural edge markings, and its spores and smaller polar capsules are shorter than those of M. tsangwuensis. Also, it is distinguished from M. basilamellaris as a result of the distinctly thicker spores. As demonstrated by previous studies (Andree et al. 1999 , Zhang et al. 2010 , U-taynapun et al. 2011 , molecular biological methods can refine traditional taxonomic classification of myxosporea. Sequence alignment revealed that the SSU rDNA sequence of M. tsangwuensis shares the 97% identity with M. musseliusae (FJ710801), 96% with M. basilamellaris (AF507971) and 90% with M. dispar (AF507972), which are generally outside the intraspecific sequence variation of what has been reported for species of myxozoans (Schlegel et al. 1996 , Whipps et al. 2004 , Molnár et al. 2006 , Whipps and Diggles 2006 , Whipps and Kent 2006 , Ferguson et al. 2008 . Unfortunately, the SSU rDNA sequence of M. microsporus was not available for analysis. In addition, the BLAST search indicated that the SSU rDNA sequence of M. tsangwuensis did not match any other myxosporean sequences in GenBank.
Site preference was also taken into consideration for species identification. Histology showed that the plasmodia of M. tsangwuensis were located in the capillary network of gill lamellae. Whereas the developmental patterns of M. musseliusae, M. dispar and M. basilamellaris are different from M. tsangwuensis: M. musseliusae developed among the epithelial cells and its plasmodia were located in close contact with the cartilaginous ray of the gill filaments ; M. dispar developed in the artery of gill filaments (Molnár 2002) ; M. basilamellaris presumably originated from the gill epithelium and its plasmodia were located on the base of the gill filaments (Eszterbauer 2004) . Myxobolus species with morphologically similar spores developing in different locations of the gills are also found in other fishes. Both M. muellericus and M. muelleri infected the gills of chub. However, large plasmodia of M. muelleri developed in the artery of gill filaments while M. muellericus formed small plasmodia in the capillary network of gill lamellae (Molnár et al. 2006) . Molnár et al. (2010) also reported 5 Myxobolus spp. having similar sized and shaped spores from the gills of roach developed in different sites: M. intimus infected the capillary network of gill lamellae; M. feisti developed in the cartilaginous gill rays; M. rutili and M. sommervillae formed elongated plasmodia in the gill filaments outside and inside the arteria efferens, respectively; Plasmodia of M. fundamentalis were located in the cartilaginous gill arch under the basis of gill filaments. In conclusion, based on the above comparison of morphological, histological and molecular data, M. tsangwuensis is a valid species. With the amendments to the original description of M. tsangwuensis made in this present study and the SSU rDNA sequence of this species, the data presented here will facilitate future research on the epidemiology, sporogenesis and life cycles of this species and be used for examining the validity of M. tsangwuensis from bighead carp when spores from bighead carp are obtained.
